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Generation of debris from targets and by x-ray ablation of surrounding materials will be a matter of
concern for experimenters and National Ignition Facility~NIF! operations. Target chamber and final
optics protection, for example debris shield damage, drive the interest for NIF operations.
Experimenters are primarily concerned with diagnostic survivability, separation of mechanical
versus radiation induced test object response in the case of effects tests, and radiation transport
through the debris field when the net radiation output is used to benchmark computer codes. In
addition, radiochemical analysis of activated capsule debris during ignition shots can provide a
measure of the ablator^rr &. Conceptual design of the Debris Monitor and Rad-Chem Station, one
of the NIF core diagnostics, is presented. Methods of debris collection, particle size and mass
analysis, impulse measurement, and radiochemical analysis are given. A description of recent
experiments involving debris collection and impulse measurement on the OMEGA and Pharos
lasers is also provided. ©2001 American Institute of Physics.@DOI: 10.1063/1.1310587#
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INTRODUCTION

Debris generated from National Ignition Facility~NIF!
experiments may have contributions from target and sup
materials, shields, and diagnostic pinholes with a wide v
ety of compositions. This debris is important for several r
sons: target chamber and final optics protection,1 interpreta-
tion of radiation effects test results,2 diagnostic survivability,
and computer simulations of net radiation output. In ad
tion, radiochemical analysis of debris collected from igniti
shots is diagnostic of capsule performance. The De
Monitor and Rad-Chem Station address these interests
collecting debris for characterization of mass and part
size distribution, measurement of debris impulse, and ra
chemical analysis of activated debris. The diagnostic is co
posed of a suite of collectors and sensors that may be pl
at various locations on the target chamber to cover mult
lines of sight. Capabilities of the diagnostic will be fielded
stages, the first being mass, particle size distribution,
impulse measurement. Detailed techniques for perform
radiochemical analysis of collected samples remain to be
veloped as specific experiments are defined. As a resul
capability is being protected as ‘‘not to preclude,’’ meani
that implementation of debris collection will not unreaso
ably constrain the ability to perform radiochemical analy
on collected samples. This article describes the concep
design of the Debris Monitor and Rad-Chem Station a
recent experimental experience at the University of Roch
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ter OMEGA and the Naval Research Laboratory~NRL!
Pharos laser facilities with debris collection and impulse s
sors.

DEBRIS MASS AND PARTICLE SIZE

Debris mass and particle size distribution analysis w
be accomplished by collection of debris onto a glass slide
silicon wafer housed in a clean box, followed by optic
inspection. The clean box is loaded in a class 100 cl
room, then placed on a diagnostic instrument manipula
~DIM !3 cart. The DIM allows insertion of diagnostics int
the NIF target chamber and the cart is a removable por
for offline diagnostic loading, alignment, etc. Figure 1 sho
a schematic of the clean box with two collectors. Once
chamber/DIM is under vacuum the clean box is opened
motely. It is kept open for one or more shots, then remot

il:FIG. 1. Schematic of clean box and debris collection surfaces. The bo
housed in a DIM and opened remotely before shot.
© 2001 American Institute of Physics
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538 Rev. Sci. Instrum., Vol. 72, No. 1, January 2001 Miller et al.
closed, and removed from the DIM cart. The box is th
transported to the clean room, placed on a microscope,
automated counting of sizes and shapes is performed.
slide is returned for further analysis as needed. Specificat
for the debris mass and particle size analysis are present
Table I.

Another collection mechanism that has been recently
vestigated is medium- and high-density silicon aerogel
tained from NASA.4 This approach has the advantage of p
serving the particle track so that an analysis of its veloc
can be performed in addition to mass and size. We h
fielded a pair of these collectors on OMEGA shots. Figur
is a schematic of the experimental setup and Fig. 3 sh
particulate that was collected during these shots. The ex
sure area of each aerogel was 5 cm2, with nominal thickness
of 3 cm. Postshot inspection of the surfaces of the aero
indicate the importance of maintaining clean conditions
quantitative measurements when low-velocity debris is
interest. Analysis of the particulate tracks and compositio
currently being performed by NASA.

DEBRIS IMPULSE

Passive impulse gauges fielded on the Nova laser d
onstrated the capability of making this type of measurem
using a simple technique, free from electrical noise iss
often associated with a high-power laser environment.5 On
NIF however, automation of diagnostics is highly desira
and we are focusing our efforts on active methods usin
variety of sensors, allowing a large dynamic range to
covered. In general, the sensor is imbedded into a solid
inder of material with a well known equation of state~e.g.,
aluminum!. The cylinder is placed into the NIF via a DIM
cart. Pressure waves in the cylinder generated by impac
debris are measured by the sensor and the impulse o
debris is backed out from the data utilizing the known eq
tion of state. The diagnostic is remotely controlled by co
puter and the pressure signal is recorded on a scope.

FIG. 2. Experimental setup for the aerogel collectors at the OMEGA la
facility.

TABLE I. Specifications for debris mass and particle size analysis.

Debris size distribution 1–500mm
Mass limit 1mg
Temporal response None
Collector area .1 cm2
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Three types of sensors are currently under evaluat
étalon probes,6 ruby sensors, and polyvinylidene fluorid
~PVDF! gauges.7 The étalon probes consist of microchip in
terferometers attached to 50mm core optical fibers and hav
a sensitivity range of;1–1000 bar. Ruby sensors~custom
mated to fiber optics by NRL! are sensitive to higher pres
sures, covering;2–100 kbar. The piezoelectric PVD
gauges compliment the e´talon probes and ruby sensors, wi
operational pressure range of;0.5–500 bar. Table II con-
tains the specifications for the debris impulse measurem

Impulse measurement experiments have recently b
carried out on the OMEGA and Pharos lasers. On OMEG
a PVDF sensor was fielded on Au hohlraum shots and d
onstrated operation in a laser environment with very l
noise~,1 mV!. A schematic of the PVDF sensor is shown
Fig. 4. On the Pharos laser, an experiment was perform
that compared an e´talon gauge with an electrical carbo
gauge on the same shot. The shock was generated by fo
ing a laser beam into water, so that the electrical envir
ment was that of a laser. Figure 5 shows the results. The
pulse on the e´talon trace is laser light att50, the second
pulse is the pressure response, and the third pulse is a re
tion from nearby material. The carbon trace shows a sm
pressure pulse and a much larger set of signals arising f
electrical noise.

RADIOCHEMISTRY

The (n,2n) production of62Cu and64Cu from naturally
occurring63Cu and65Cu in the Cu-doped Be ablator is pro

r

FIG. 3. Aerogel debris collector showing particle and associated track.
sample was recently collected from a Au hohlraum target shot on
OMEGA laser.

TABLE II. Specifications for debris impulse measurement.

Pressure range 1 bar–100 kbar
Gauge diameter ,500 mm–2 cm
Temporal response ,15 ns
AIP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp
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portional to the ablator̂rr & and neutron yield.8 The mea-
surement would be performed by capturing a fraction of
capsule explosion debris and counting the decay of activ
copper, then using a chemical analysis of Cu or Be in
sample to determine the capsule fraction obtained. The
lected sample would be counted quickly because of the r
tively short half lives of62Cu and64Cu ~9.7 min and 12.9 h,
respectively!.

Both 62Cu and64Cu decay by positron emission, accom
panied by annihilation radiation~511 keV!, and each emits
discreteg rays that may be used for identification and qua
tification. Coincidence counting of the annihilation radiati
covering a period of a few half lives is an established meth
for measuring62Cu and64Cu activation.9 This method has
the advantage of being most sensitive to lower yields,
lacks the unambiguous isotope identification that comes f
measuring discreteg rays, which may be performed with
high-purity intrinsic Ge detector. Recent experiments on
Petawatt laser at Livermore have demonstrated the feasib
of measuring62Cu and64Cu directly via the 1173 and 134
keV g rays, respectively, at levels well below those of nom
nal full yield on NIF.10 Yields as low as 1E26 of nominal
full yield will produce enough activity for ablator̂rr & de-
termination using the coincidence counting technique.
also anticipate that radiochemical analysis of a variety
activation products will be useful in diagnosing experime

FIG. 4. Schematic of the PVDF impulse gauge recently fielded on OMEG

FIG. 5. Étalon probe results vs carbon gauge for a laser-induced shoc
water at the Pharos laser facility at the Naval Research Laboratory.
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well before ignition is achieved on NIF. Table III presen
specifications for the Rad-Chem Station.

SUMMARY

The Debris Monitor and Rad-Chem Station is being d
veloped for the NIF as one of the core diagnostics. Meth
of debris collection proposed and under current investiga
include glass slides, silicon wafers, and silicon aerogels.
pulse sensors to cover a wide dynamic range are being ev
ated and include e´talon probes, ruby sensors, and PVD
gauges. Radiochemical analysis of activated debris will
able a measurement of the ablator^rr & for ignition shots as
well as providing a general capability to diagnose expe
ments that produce activation products. Offline developm
and testing on the OMEGA and Pharos lasers will contin
so that the diagnostic may be completed and operationa
first use on NIF in 2004.
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TABLE III. Specifications for radiochemical analysis.

Geometric collection efficiency .1E26
Maximum removal time 2–20 min
Detector resolution ,2.5 keV @ 1173 KeV
MDL ~atoms!
62Cu 1E4
63Cu 1.3E11
64Cu 1E5
65Cu 6E10
9Be ;1E11
10Be ;1E11
Temporal response None
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